Qualitative V-L Stability and Qualitative Permanence for Lotka-Volterra Equations (Functional Equations in Mathematical Models) by 斎藤, 保久 et al.
Title
Qualitative V-L Stability and Qualitative Permanence for
Lotka-Volterra Equations (Functional Equations in
Mathematical Models)
Author(s)斎藤, 保久; 今, 隆助; ホッフバウアー, ヨーゼフ




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
Qualitative V-L Stability and Qualitative
Permanence for Lotka-Volterra Equations
\dagger
(Yasuhisa Saito) (Ryusuke Kon)
(Department of Systems Engineering, Shizuoka University)
(Josef Hoffiauer)
(Institut f\"ur Mathematik, Universit\"at Wien)
1. Qualitative V-L Stability
$n$ Lotka-Volterra
$x_{i}’=x_{i}(r_{i}+. \sum_{j=1}^{n}a_{ij}x_{j})$ , $x_{i}(0)>0$ , $i=1,2,$ $\cdots,$ $n$ (1)
. $v$ , $v>0$ $v$ ,
$v\geq 0$ $v$ 0 .
(1) $(a_{ij})$ $A$ . $A$ Volterra-Liapunov ( V-L )
, $DA+A^{t}D$ $D=diag(d_{1}, \cdots, d_{n});d_{i}>0$ ,




$A$ $\theta^{\grave{\grave{1}}}$ V-L $\acute{*}\acute{\pi}^{-}C^{\backslash }\backslash \hslash$ $6$
$\Rightarrow$ $g$ $(r_{1}, r_{2}, \cdots, r_{n})$ $\iota_{\sim}^{\sim}*1\backslash$ $1_{\vee}$ $\tau$ (1) $l1^{\cdot}\star\Re$’ $\ovalbox{\tt\small REJECT}\backslash 2\grave{\mathrm{t}}ffi_{1}\backslash \mathrm{E}’*\acute{\mathrm{x}}\gamma_{\mathrm{f},}\mathrm{r}_{\mathrm{t}}5_{\backslash \backslash }$ $x^{*}\geq 0$ $k$ f\yen \vee \supset .




, $A$ V-L (1)
. $A$ V-L ?
. 1980 , .
$A$ V-L $A$ $P$ (cf.
[2] $)$ , $A$ “ ” ,
. , $A$ $a_{ij}$
“ ” ,
.
, V-L . $A$ V-L (quali-
tahvely V-L stable) , sign $b_{ij}=\mathrm{s}\mathrm{i}\mathrm{g}\mathrm{n}$ $a_{ij}$ $B=(b_{ij})$ V-L
. $A$ V-L , $A$





, ( , ,
) . ,
( “ ”) . ,
( “ ”) , “ ”
. , “ ” , “ ” .
, .
. , $A$ V-L “
” . , “
” $a_{ij}$ ,
explicit . , $a_{ij}$ $(+, 0,-)$
. , $a_{ij}$ , $A$ V-L a
.
, $A$ V-L :
Theorem 1
$A$ V-L $\Leftrightarrow$ (i) $a_{ii}<0(i=1, \cdots, n)$ ,




$i_{k}$ $a_{i_{1}i_{2}}a_{i_{2}i_{3}}\cdots a_{i_{k}i_{1}}\neq 0$ , $A$
$k$ . (iii) , $k\geq 3$ ,
$i_{1},$ $i_{2},$
$\cdots,$
$i_{k}$ $a_{i_{1}i_{2}}a_{i_{2}i_{3}}\cdots a_{i_{k}i_{1}}=0$ .
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Theorem 1 , $A$ V-L ,
(cf. (ii)).
2. Qualitative Permanence –Part I
(1) $x^{*}>0$ . Proposition
1 , $x^{*}$ . , $n$
$x^{*}$ . ,
, x . $x^{*}$
, ( $=$ ) . , (1)
(permanence) $’\backslash$). (1) (permanent) ,






. (1) f (qualitatively permanent)
, sign $b_{ij}=\mathrm{s}\mathrm{i}\mathrm{g}\mathrm{n}$ $a_{ij}$ $B=(b_{ij})$ ,
$x_{i}’=x_{i}(r_{i}+ \sum_{j=1}^{n}b_{ij}x_{j})$ , $x_{i}(0)>0$ , $i=1,2,$ $\cdots,$ $n$ (2)




(1) 1 , $a_{ii}<0(i=1, \cdots, n)$ .
, (1)
(I) $a_{ij}a_{ji}\leq 0(i\neq j;i,j=1, \cdots, n)$ ,
(II) $a_{i_{1}i_{2}}a_{i_{2}i_{3}}\cdots a_{i_{k}i_{1}}\leq 0$ ( $i_{1},$ $\cdots i_{k}$ : distind, $k=3,$ $\cdots,$ $n$ )
.
Theorem 2 , (1) .
. $n=4$ , Theorem 2 , (1)
$A$ .
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( & ) (cf. 9). (II) l , $k$
$(\geq 3)$ , Theorem 1 $A$ V-L
.





. $( \frac{5}{17}, \frac{4}{17}, \frac{6}{17})$ .
$(\begin{array}{l}0-1-3-1-31-3-11\end{array})$
, Theorem 2 (I), (II) . ,
$\Gamma:(1,0,0)arrow(0,1,0)arrow(0,0,1)arrow(1,0,0)$ , $\Gamma$ (cf.










3. Qualitative Permanence –Part II












. $a<0$ , $(x^{*}, y^{*})$
. , (4) (
). $a=0$ ,
(4) ( , ). , $\dot{V}_{(4)}(x, y)=0$
, $(x(t), y(t))$ $V(x, y)=V(x(0), y(0))$ .
(4)
$(\begin{array}{ll}a bc 0\end{array})$
. V-L (cf. Theorem 1(i)). $|_{\vee}$ $a<0$





(i) $a_{ii}\leq 0(i=1, \cdots, n)$ $\sum_{i=1}^{n}a_{ii}^{2}\neq 0$ ,
(ii) $a_{ij}a_{ji}\leq 0(i\neq j;i,j=1, \cdots, n)$ ,





(1) $x^{*}$ , :
$A$ V-L $\Rightarrow x^{*}$ $\Rightarrow(1)$ t .
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Proposition 1 , $A$ V-L .
Conjecture , ( $A$ V-L (1)
) . Conjecture ,
$A$ V-L (1) , $x^{*}$
.
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